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Orbiting Geophysics Laboratory Experiment

I. INTRODUCTION

With the Space Transportation System (Shuttle) beginning its operational ac-
tivity, there is the practical opportunitv of performing space experiments lasting up
to a few davs. A normal STS flight may last 7 days, which is a very long time com-
vared with the tvpical 15-minflight time of a sounding rocket.

Several different techniques may be implemented to utilize the STS for scien-
tific experiments. One technique aiming to avoid space contamination caused by
the STS itself is to place the experiments in free space outside of and away from
the STS, A small package could be left detached from the STS for a long time, up
to a few days, and retrieved by the STS for return to Earth., This report examines

in some detail this particular technique,

2. OBJECTIVES

The main objective of this project was to investigate the technical and economic
feasibility of building a space platform to be utilized as a support system for AFGL
space experiments.,

Detailed objectives of this investigation were:

(Received for publication 15 October 1982)
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(a)} Flight duration,
(b) Data telemetry vs data recording,
(c) Attitude control system,

(d) Power supplv,

In this investigation many decisions related to our objectives had to be taken
by extrapolation from previous experience resulting from sounding rocket flights

and by applying engineering judgment

3. GENERAL CHARACTERISTICS

This platform is to be designed as a free-flying support system for scientific
experiments, The STS must supply mechanical support and transportation, deploy-
ment i+ orbit, and retrieval by means of the Remote Manipulator System. The
mission is envisioned in this way: when the STS is in orbit, the crew must activate
an automatic test of the platform by a radio link switch and watching a Yes-No
response before deployment; after this simple test, the STS crew may deploy the
platform in orbit and then by radio link activate the experiment mode. The remain-
ing action required of the STS crew is experiment turn-off by radio link, retrieval
from orbit, and stowage into the STS payload bay. This minimal dependence on the
STS should allow for a wide range of experiments and offer a rapid response to
opportunities for flight. Safetv considerations should be present at every step of
the design. This means that only manned flight-rated component units should be
used since testing a non-rated unit is a long, complicated, and expensive procedure,

The probable cost of a reusable support system seems to be lower than that
2f non-reusable packages even if it is difficult at this time to determine exact fig-
ures and the break-even point. Low cost of the platform is a very general design
objective that has to be considered at each step by applying engineering judgment

based on previous cxperience from sounding rockets,

+. FLIGHT DURATION

In order to offer a substantial advantage with respect to a sounding rocket, it
is clear that our space support svstem must be capable of operating for the major
part of an STS flight, that is approximatelv seven days. Experiment support and
housekeeping must be available for this length of time, offering to the scientists
the practical possibility of long experiments, Also, several different experiments

can be supported in a single tlight,
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5. SCIENTIFIC DATA AND SUPPORT DATA REQUIREMENTS ]

It is considered essential to minimize the STS crew workload and also that of .
Earth-based telemetrv sites., This last point means that all the data resulting from
the experiments, plus some housekeeping information, must be recorded on-board.

Magnetic tape recording is presently the best method to accomplish this objective, j

The obvious result of these considerations is that the tape recording system (one 4-

vecorder or more) is one of the most important subsvstems to be installed on the ]

platform. Selectionof a flight-approved tape recorder svstem is probably the hirst 1
item to be considered when designing our space platform, Direct digital or analog

recording choices remains undetevmined at this time,

Major considerations are total recording capability and power absorption. It
is extremely difficult to establish theoretically the lata storage capacitv needed
for a tvpical platform mission, but it is possible 1o reach some veasonable numeri-
cal values bv extrapolation from the Sounding Rocket Ilxperiments, lIingineering

Jjudgment based on previous ecxperience should provide a reasonable starting point

for the overall design,

A tvpical 16-min rocket flight generates data which are recorded on one track
of tape 9200 ft long, These data include housekeeping data, and amount to approxi-
vately 2-109 bits of informuation., Bv engineering _mtigmoni it scems desirable to be

able to store at least 10 times the above amount, that i3, a total of approximately

adielie .fA POy Y A

2. lOlobits. This would allow the platform to support experiments with fairly fast
data collection (2 M bits/sec) for up to 160 min of active measurements, Different
recording methods (lirect, PCM, HDDR) mav be used, but at this point oniv the
total storage capacitv is of interest, This value of 2'1010 bits as an estimate for

total storage capacitv is compatible with existing Jdata recorders; therefore, it can

adih it b

be arcepted as a reasonable starting point.

6. SUGGESTED DATA STORAGFE

STEM

Several different methods could be applied in principle to provide our storage
capactty of 2- l()I bits. Conventional RANM chips or bubble memorv chips could be
used, but their capabilities are presently too limiited,  Bubble memory chips of
1 Albit capacitv exist, but it is clearlv not practical to a==«cmble 4 meriory unit
having 20, 000 ¢nips, Higher lensitv chips mav becorme available, but not in the
near tuture, Optical recording has the potential  for high capacity, but presently
1t is not available as a developed packace, Sonte corpanies (for exampie, Shuzar
Associates) are presently developing optical storage <v<stens< which will involve

Aocurate positioning of Liser beamis on the recor fing o diue o Feoss aonoechanical
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point of view, these svSter s Seern Sindilar to magnetice tape or disk recorders;
herefore, 1t is reasondable to expect similar limitations, at least for the near
uture,

This leaves magnetic storage as the logical method to be considered, Disk
“torage can be quiekly ruledd out, again, for its too small cavacitv: a tvpical 8-in,
Hopov-di=k can store up to 12 Mbits, while 8-in, Winchester Jdrives can store up
"o 160 Abits, which is much too little,

This clinination process leaves the muagnetic tape recorders as the onlv prac-
tead o setho b Sor onr purposes,

Severad coronanies are presently offering space flight rated tape recorders,
At sorse are also develoning new models which are definitely of interest for our
Soees Prattorn apolication, Constaeration has been given to the following manu-
Ctnrerss Odeties, ROA, Lockheed, Honevwell, Ampex, EDMI, and Bell and Howell.
[ e ion oo therr recor fers is reported heres

Erfery s

Mo el DS 600D Model DDS 6000 EC

Toral Srorgge: 5.0 1(!1” bits Total Storage; 7.5 1010 bits

Revcor i Rates: 1-32 Albits  sec Record Rate: 50 Mbits/sec

Recor I Soee iz 200 00 92 40, sec Record Speed 75 in, /sec

e Lengths 200 -t Tape Length: 9200 ft

Prata T raciks: 24 Data Tracks: 38

Record Power: 65-95 W\ Record Power: 150 W

Standby Power:s 260\ Standbvy Power: 30 W

rice: Aopros £1, 500, 000 Price: Approx $2, 000, 000
Hlus 23040, 000 for including =ealed
sealed pressure pressure vessel
vessel

O lerio= s presently develuping a new unit capable of recording a 1 Mbit/sec
or s heoon one channel, Power absorption approx 75 W, Price in the $100, 000
Danzes Developmient time: Approx 2 vears,

A

Startine developr ent of a now space rated model (readv in 24 to 30 months)
bavinzs the Tollowing characeteri=stios:

Fotal Storape; H)]Ohit>‘

Iaoe Langth: 5000 1t

rca e ws: 12 signal - 4 EbhAC

oo f Rt 0.5 - 20 AMbits'sec

Recort Poaer: 15 - 50 W

| SESR EE Approx 3500, 000
10
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1f\w bt Toral Storage: 7,5 l()“) bits

Reoor e U o 20 Qb e Record Rate: U to 125 A7 bits e
Tane Soee Poooo 12004, Jse - Tupe Sneod; Lpoto 180 10, “se.
ivan racks: 83 tinrew desiznd Data Tracks: 20
Rorcor iy Posers: 250N (es? Housekeeping
Stan fhy Power: 5 AW fest) Tracks: 1
Pric o 1 unit: Approx #1, 500, 000 Power: 150 W st

Sounita: Annroas X750, 000 cach Price: Unknown at this
Preice ray be Tower i ordered with e,

Ao et Mark VI i developnient)

levelopmient

Crentove d, Tinie: P

Honeysel!

Siodel 101
Frstirmated Tomal Storave:
Tape Length:

Pata Track-:

Powers

)
6 101V hits
0200 1t
28

80 W

i revorder is not Jlight-rated, also it requires more power than units made by

sther manufacturers, Honevwell is presently developing a ruggedized recorder for

the Navy,  Some information on it will be available in September 1982,

Bell and Howell
Model MARS 1428

Estimated storage density:
Data Tracks:

Tape lLength;

Total Storage:

Record Speeds:

Record Power:

Heater Power:

Price;

Ampex

16. 6 KBit/in,

28

9200 ft

5- 1010 bits

1. 875 to 60 in. /sec

125 W (including electronics)
300 W (not always needed)

Approx $150, 000

No recorder directly available for space flight. It appears that Ampex is

cooperating with Odetics in the field of recorders for space applications,

FMI

No recorder available for space flight,

11




Again, engineering judgment must be exercised to formulate a reasonable
suggestion of a tape recording svstem, The following characteristics are highly
desirable:

(a) Low power absorption,

(b) Variable speed,

{¢) Two distinct recorders (to enhance reliability),

(d) Reasonable price.

It seems that the most balanced design at this time consists of a system made
up bv two Bell and Howell MARS 1428 recorders. Two recorders rather than one
allow longer experiments and in the case of one recorder failing, the second one
provides storage for part of the experiment. These recorders can be switched on
and off so that only one at a time has to be active, One or two tracks on each
recorder mav be used for error correction, with a corresponding reduction of total
storage,

This tvpe of recorder requires power on (in STOP mode, power approx 55 W)
for takeoff and landing ot the STS, in order to avoid damage to the tape., While the
energv consumption is negligible, there is the need of additional circuitry to turn
on and off the recorders at the right time.

The required power is rather high but the recorder is proven and relatively
inexpensive. The selection of the BBell and Howell MARS 1428 is valid only at this
time, since several manufacturers are presently developing recorders worthy of
consideration, Therefore, at design time, it will be necessary to reconsider the

recorder selection, checking again the various units then available.

7. ATTITUDE CONTROL SYSTEM (ACS)

This platform is designed to be a support systen. for a vast set of scientific
experiments of different duration and pointing requirements, Typical desirable
pruperties ave:

(a) Pointing drift in 10 min <5 sec of arc,

(b) Qutgassing as limited as possible,

(¢) Number of pointing maneuvers = 5 per orbit,

(rl} RBepositioning error < 20 min ol arc,

Specifications of this order, particularly low drift, require a rather elaborate
active ACS, I' is clear that in order to have low 4rift, a good quality inertial
reference is required. The "tuned restraint'’ gvro systems typically can have drift
less than 6 min o arc/hr; theretore, this type of inertial reference seems adequate
when used in connection with an accurate star tracker, l.aser gyros are preegently

becoming available and should be considered at final design time. Another tvpical
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mode of operation is target tracking with pointing cr: >r signals delivered by the - J

:_‘ scientific instruments. This tracking niav be required by some experiments and ..4

, should also be considered when designing the overall ACS, It has to be taken into ]

: account that any practical inertial reference required to operate through seven Jdavs 3

. must be periodically realigned to an absolute reference, A star tracker can be f

L designed to perform this job, and it appears from the technical literature (RCA - 4

h Technical Communications, tor example) that the design of this functional sequence ":

1 has been successftully implemented, Therefore, no unusual technical difficulty is ‘
expected, 1

’ The repeated pointing maneuvers and the minimum outgassing requirements

9 dictate the use ol reaction wheels for most of the maneuvering, This technique also —

‘ is well established and offers no technical surprise. Together with the reaction ‘.‘1

4 ) wheel subsvstem there is need of a momentum desaturation subsvstem, like gas 1

: jets or magnetic tield torquers, Both momentum desaturation methods involve ‘

:- proven technologies., (as-jets are quick acting and requive reaction gas; magnetic "

t.' field torquers develop smull torques, therefore are slow in action and require electric

[* energy, but no gas, This propertv is highlv desirable, but their small torque mav

be a serious drawback, The residual tumbing of the platform when released in orbit

:-’ bv the Remote Manipulator Svstem is probably verv small (this estimate should be

: checked with NASA); however, the Jdisturbance torques on the platform probably are

b

rather high, particularly the aerodvnamic torques, given the low altitude of the
flight.

These considerations probably force selecting a gas-jet svstem rather than a
magnetic field torque svstenmi, In order to be able to estimate the gas-jet svstem
activitv, a rather detailed analvsis of the disturbance torques should be done, This
in turn can onlv be done after the mechanical design is completed,

In conclusion, our ACS must include the following subsystem:

(a) 3-axis stable platform,

o o
.

(b) Star tracker,

o
3

v

(¢) Gas jots,
(d} Reaction wheels.
The entire set of these subsystems is necessaryv for high-accuracy pointing in

4 tong flight.  No additional mancuvering capability is planned at this time: the

DA o« S A

shuttle will take care of placement in orbit and recovery of the platform.

Y

wy Ty
-

8. SYSTEM POWER REQUIREMENT _.<

A

This standard platform is designed to support manv different experiments,

therefore, it is not possible to predict the exact energy requirements for anv

13 Y
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keeping, Here it is in some detail,

ally, using accelerometers to close a time switch,

most a few Wh)} and poses no problem whatsoever,

time (thousands of hours).

‘ 9. SUGGESTED POWER SYSTEM

(300 Wh/ kg,

140 Whikg),

R A A A A AR AR LA A

F

possible mission. However, it 1s possible to estir:

ate The crergy need tor boveos

ACS 28 W Continuous
Star Tracker 14 W Continuous
Reaction Wheels 25 W Continuous
Tape Recorder 125 W When Recording
Tape Recorder 0w On Standby

- On-Board Electronics 25 W Continuous

) Contingency 2 W Continuous

=

L. Total estimated encrgyv for 24 hours, with only 2 hours of recorder operation;

‘.

:f: ) (28 + 14 ¢+ 25 - 25 - 20) + 23+ 125 + 2 = 2838 Wh = Approx 3 KWh .,

[

A Every hour of additional recording requires 125 Wh more,

E»' Notice that the above figures are rather rough cstimates of the power require-
ment. At design time, a revision of these values is imperative, It is clear that
it is desirable to reduce as much as possible the power consumption of the con-
tinuouslv running subsvstems, even at the expensc o some redesign, Thi=z point
should be considered carefully at final design time.

The suggested type of tape recorder requires power (535 W per recorder) applie |

during STS takeoff and landing, It appears possible to apply this power automati. -

If these accelerometers are sensitive enough to operate during deployment in
orbit and retrieval, no harm is done; only a small amount of elrctrical energy is
lost. A small separate power supply (perhaps Ni-Cd batteries) is required to supplv

power to the Test Controller. The related energy requirement is very small {at

Another separate, very small

power supply may be used to energize the system clock, in order to have a stand-

alone time source. A small lithium battery probably will sulfice for a very long

Different tvpes of energy sources have been considered, They are listed below:

(a) Lithium Cells - Non rechargeable, high energy per unit mass

(b) ILead Acid - Rechargeable, medium energv per unit mass
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(¢) Nickel-Cadmium - Rechargeable, medium energy per unit mass
(40 Wh/kg),

{(d) Solar Cells - Virtually unlimited energy, low or moderate
nower levels. Rather complicated mechanical installation,

(e} Fuel Cells - Possible weight advantage over rechargeable
batteries, Expensive and critical in operation,

(f) Silver-Cadmium and Silver-Zinc Cells - Rechargeable,
high energy per unit mass (up to 160 Wh/kg). Data from
two manufacturers (Yardney and Eagle-Picner) indicate
that they are available packaged as batteries, rated for

space flight,

Since the total energv needed per each mission is relatively limited, solar
<ells and fuel cells mav be ruled out, considering their mechanical complication
and high cost, It is practical to expand the technique used in many sounding
rockets, that is, to use rechargeable batteries as power source,

Rechargeable batteries, compared with non-rechargeable ones, offer the ad-
vantage of allowing repeated tests of the entire system (platform plus experiment)
before launch, without replacement of the batteries themselves. Their use is
considered the best choice for our application.

It appears that the weight advantage of the Silver-Zinc cells dictates the use
ot this type of power source, when compared with the various different possible
alternatives. Silver-Zinc cells develop a limited amount of gas (H2 and 02) during
Jdischarge; therefore, thev are vented, but the battery container may be sealed.

\ enting space has to be provided inside the battery container, and a safety vent is
installed on the container itself to protect it in case of abnormal development of
gas. A manufacturer (Fagle-Picher) claims that it has succeeded in eliminating

‘he hvdrogen accumulation in a sealed batter container by having the hydrogen used
up and converted into water bv a nickel-hydrogen cell located inside the same sealed
cvontainer, This technique or some equivalent one is highly desirable, in order to
reduce the chance of hvdrogen-oxygen explosions.

The energyv density of 160 Wh/kg has been used in the following estimates,
This value refers onlv to the cell mass (without container).

Applving the above indicated energyv figures it results that 24 hr of operation,
including 2 hr of recording, require a cell mass of approximately 19 kg (41 1b)
nlus an additional 0.8 kg (1. 75 1b) for each hour of additional recording.

The cstimated total mass for a 7-day mission, with a total of 14 hr of recording
is approximately 129 kg (2. 85 Ib). The mass of the batterv sealed container has to
be added to this figure,

Notice again that this estimate does not include energv for the experiments,
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10, SOME MECHAMCAL DETAILS ;

The meoechanical configuration of our platform is extremely important for :
miany obvious reasons, Here are a few:

(1) STS Compatibility - Our platform must be loaded into the STS payload bay, 3

-

then deploved in orbit and later retrieved trom orbit, After landing of the STS, our .1

platform must be removed easily from the STS pavioad bay. Orbital deployment and
retrieval require the existence of a mechanical grapple fixture to be utilized by the
Remote Manipulator Svstem of the STS., A support pallet attached to and remaining

in the STS pavload bav is verv likely necessary.

madd SEURILERC I Aih o

(b) Environmental Control - Pressurization must be supplied to the tape re-

: corders and possiblv to the electronic circuits, Temperature control is necessary
“'.._ for the tape recorders and the batteries and possibly also for the electronic cir-
.~ cuits. A form of temperature control, active or passive, is needed. It seems at
:- this pnint that passive temperature control may be realized by enclosing the whole

a

platform into a thermally conducting shell, painted on the outside with an appro-

priate white/black pattern and properly insulated on the inside. The scientific

instruments mav be located in a compartment open to space and separate from the

support equipment compartment.
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(¢) Easy Accessibility - It is highly desirable to be able to replace defective

units even a short time before take-off, This point does not lead to any preferred

configuration, but must be kept in mind at every stage of the final design.

(d) Testing - Attention should be given to laboratory testing of the entire unit,
A specially designed mechanical support system should be available for extensive
dynamic testing of the entire platform and particularly its ACS, offering three-axis
freedom of motion without (or almost without) friction. A good dynamic test pro-
gram for the platform should simulate all the events that it will see in a single flight;
therefore, this test system should be capable of operating for up to'seven days with-
out interruption. The platform test mode and its operational mode should be acti-
vated, the ACS should work, the recorders activated, and so on,

(e) Launch charge on STS is determined by payload size (in the bay length

direction) and/or weight, Minimum length of bay available is 3,5 ft and maximum

e l.‘ 4 al’s g 4 ‘.‘AoJ I P

weight per foot is 1000 lb, for a standard charge. Therefore, it is likely that the
space platform would assume the shape of a cylinder or nest of cylinders 3.5 ft in

diameter, spanning the bay and weighing approximately 3, 500 lb.
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11. PROPOSED SEQUENCE OF EVENTS IN A FLIGHT

(a) Platform is tested extensively on ground after installation into STS,

(b) During STS takeoff recorders are automatically encergized in STOP mode,
Accelerometers determine the exact turn-on and turn-off instants. No crew action
is required,

(¢) When STS is in orbit, its crew does the following:

1. By radio link closes switch 1 tor svstem test,

Platform responds YES or NO.
2, After YES response, crew releases mechanieal lateh,
then by Remote Manipulator deplovs platform in orbit —d
3. When platform is released and off Remote Manipulator, .’
crew bv radio link closes switeh 2, starting experiment.,
(d) The retrieval from orbit is done as follows:
1. Bv radio link, STS crew closes switeh 3 turning off :
all systems and discharging residual ACS gas, .
2. Bv Remote Manipulator, crew retrieves platform n
and secures it on pallet,

3. Pallet mechanical latch is automatically or manuallv

latched. .

(e} Power is automatically supplied to recorders in STOP mode, for reentry -

and landing. No crew action is required. ’*
12.  TEST AND EXPERIMENT MODES .

A ad

It is possible at this point to draw simple block diagrams of the automatic test
and experiment modes of operation, Iigures 1, 2, and 3 show these block diagrams.
The Test Mode is activated by means of a remotely controlled switeh which

resets and starts the Test Controller. This mode is available for repeated tests,

A diagnostic message for each tested unit will be issued, as a debugging help for

ground tests, The same Test NMode will provide the STS operator with a YES orr NO |;
message. Eventually, after observing the YES message, the STS operator will ’
deploy the platform in orbit and then initiate the Experiment Mode by remotely
3 closing a separate switch, The Test Mode operation is planned as tollows: 1
t (a) Software issues sequentially to port 0 different test codes, in order to
r. activate test mode in each unit to be tested. Appropriate time delavs are provided, L
(b) Hardware decoder activates test mode in unit corresponding to test code, )
(c) Each unit performs test, then issues reponse to corvesponding port, b
. 1

17 1

"
3



e T e ™ RT- T w TW e W, N T W v VT w W TN T YN TV T T W T e T W W W Y N Y W WY RN T T W s, .y wq

(4 Test Controller reads all unit ports, stores their conten's aud then 1ssue = - -
L diagnostic message tor each unit,

(e} After step (d), Test Controller executes another check on stored inputs
and issues a YRS or NO message,

(N Test Controller halts, and it is readv to be reset and restarteqa, unless

the Experiment Mode is activated,
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The Experiment Mode is activated by a separate remotely controlled switceh,
A sequencer turns on the various units and the experiments at the appropriate times,
A cloek is designed into the svstem and its output is usced to give o reference 1o

the sequencer and to the recorders,
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Figure 2. Detailed Handshaking Test Mode
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13, RECOMMENDATIONS

EXPERIMENT
2

Fxperiment Mode Block Diagram

Increased effort in continuing the development of our Space Platform is in

order, since the STS is now entering its routine operations, conomy of operation

and possibility of long experiments in space will probably dictate the use of this

platform or of a similar device,

The entire development effort should follow the outline here given:
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d Preliminary Study Concepts
o Feasibility Study

s Procurement

Preliminary Design

a NASA Interface

Shuttle Integration
Design Review
Technical Design Review
I'reeze
Fabricate
Integrate and Test
Readiness Review
This paper reports the Preliminary Study coneepts and begins to develon the
Feasibility Studv,  The remaining steps should be execvted in order to arvive at

A working model in a reasonable time, perchaps as soon as 19385,
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